Abstract-The paper presents a two phase variable speed induction motor drive for wide speed application. The drive is designed to meet drive cycle requirements of Worldwide harmonized Light vehicles Test Procedure (WLTP). The required torque speed specifications of the induction machine are obtained from the drive cycle. The wide speed range operation of the drive obtained by pole changing technique. The proposed induction motor drive system consists of an online pole changing two phase induction motor which is driven using a four leg voltage source converter. Using the voltage source converter currents are controlled in certain coil groups of the machine to enable operation as two pole and four pole motor. The paper describes the windings configuration and operation of the two phase induction machine drive.
I. INTRODUCTION
The drive systems for electric vehicles require wide speed range operation. In order to reduce the power rating and size of the electric motor and power converter, constant power operation of the electric motor is preferred compared to constant maximum torque operation [1] . Such a drive system also meets the initial acceleration requirement of the vehicle.
Constant power operation in electrical machines is achieved through field weakening. The permanent magnet machines such as permanent magnet synchronous machine(PMSM) and brushless DC machine(BLDC) have higher efficiency and high power to weight or volume ratios compared to induction machines. Field weakening in such machines affects the life and performance of the permanent magnets. As a consequence PM machines have narrow field weakening region [2] .
The electric vehicle drive system should have good dynamic performance. The vector controlled induction machines have decoupled torque and field control which are used in electric vehicle drives for good transient performance. The induction machine can be operated for wide speed range constant power mode using field weakening control. The Induction machines have been designed for field weakening up to 3 to 5 times based speed operation in [3] . It has been also shown in [4] for even higher speed range the electronic pole changing the concept for three-phase induction motor can be used [4] .
In this paper Worldwide harmonized Light vehicles Test Procedure (WLTP) class 3 drive cycle is used to find the mechanical specification of the electric machine. The acceleration requirements of the vehicle are calculated from the drive cycle. Different forces acting on the vehicle for the speed range constituting road load along with the accelerating requirements is used to calculate the torque-speed specifications of the drive. A two to four pole changing two-phase induction motor drive system is proposed for the electric vehicle application. The machine has four sets of windings spread over a phase belt of 180
• . The currents in these four windings are controlled to form two pole and four pole rotating magnetic field in the air gap of the machine. The pole changing technique is described using winding functions.
II. TORQUE SPEED SPECIFICATIONS
The Torque-speed requirement from the electric motor can be calculated from the road load characteristics [5] and drive cycle of the electric vehicles. A first-order non-linear differential equation from [6] gives a basic dynamic model of the electric vehicle. The constant torque operation at lower speed renders the high starting torque requirement of the vehicle which is required for high initial acceleration. The constant power operation is used for cruising at medium and higher speeds of the vehicle without increasing the power rating of the machine and power converter.
III. POLE CHANGING INDUCTION MACHINE
A schematic of stator winding distributions on a 36 slot induction machine stator is shown in Fig. 3 . The stator houses fours set of windings would as two-phase four poles. The winding are 1-1', 2-2', 3-3' and 4-4'. Each of these double layered full pitched winding has a phase belt of 180
• .
The windings are analyzed using winding functions [7] . The winding functions are the representation of mmf distribution as a function of position in the air gap of the machine for unit current through the winding. The stator winding functions of the two-phase pole changing induction machine are shown in Fig. 4 . Two pole and four pole mmf distributions in machine airgap can be obtained by adding or subtracting certain winding functions. 
A. Four Pole Operation
The four pole mmf distribution can be obtained by adding winding functions as following
The resultant winding functions for four pole configuration is shown in Fig. 5 . The winding functions are displaced by 90
• degrees electrical. Hence by supplying with 90 • phase displaced currents i α (t) and i β (t) machine can be made to work as a four pole machine. Thus currents through the coil groups 1-1', 2-2', 3-3' and 4-4' are i 1 (t) = i α (t), i 2 (t) = i α (t), i 3 (t) = i β (t) and i 4 (t) = i β (t) respectively for four pole operation.
B. Two Pole Operation
The two pole mmf distribution can be obtained by subtracting winding functions as following
Similar to four pole operation, the resultant winding functions for two pole configuration is shown in Fig. 6 . Here also the winding functions are displaced by 90
• degrees electrical for two pole operation. Table I shows the winding currents for different pole operation. 
IV. INDUCTION MACHINE DRIVE
A voltage source converter is used to drive the two-phase pole changing drive. By implementing current control in the converter the necessary currents can be injected through the windings for multiple pole operation. The current control of the voltage source converter is used for decoupled torque and field control. As shown in the Fig. 5 four-legged voltage source converter is used to source four winding of the machines. Each winding is to connected to a leg of the inverter and the neutral point is connected to the midpoint of capacitors as shown in Fig. 5 . Hence every coil currents can be independently controlled to the desired value. The pole changing can be implemented by injecting currents to winding as shown in Table I .
The neutral current during four pole operation is not zero as the four winding currents will not add upto to zero. Hence capacitor voltage will have ripple in fundamental frequency. But in case of two pole operation the neutral current will be zero as the sum of individual winding currents is zero.
V. RESULTS
Simulation of the proposed drive was perfomed using MAT-LAB/Simulink. Detailed switching model of the drive was used to study the steady state as well as dynamic performance of the pole changing drive. The converter switches were switched at a frequency of 20 kHz. The results of four pole and two pole operation are discussed below. 
A. Four Pole Operation
Simulation results for four pole operation is shown in Fig.  8 .The machine is made to accelarate from 1000 rpm to 1500 rpm at time t=1 second. The indvidual winding currents i 1 (t), i 2 (t) and i 3 (t) and i 4 (t) are also shown in Fig. 8 .
B. Two Pole Operation
For two pole operation of the machine the results of the simulation are shown in Fig. 9 . Here also the machine the is accelarated from 3500 rpm to 4000 rpm. The indvidual winding currents i 1 (t), i 2 (t) and i 3 (t) and i 4 (t) are shown in Fig. 9 .
VI. CONCLUSION
The paper proposes a low switch count wide speed range induction motor drive for electric vehicle application. Only 
